Coastal erosion is a real threat on the Ivorian coast and particularly at the mouth of the Bandama River. Hydrosedimentary dynamics led to the relocation of the city of GrandLahou to the northern part of this region in the 1970s. Erosion not only modifies the coastline but also causes migration from the mouth of the Bandama River, destroying homes and plantations. This study, based on a 2D hydrodynamic model, using Mike 21 HD software, reconstructed the flow in the Grand-Lahou estuary. The strongest currents are located at the mouth and particularly in the pass. During low water periods, flow currents reach 1.4 m/s in the channel, while during high water periods, high flows tend to block flow currents and intensify ebb currents. Current velocities reach 1.8 m/s in the pass during ebb and are reduced to 0.35 m/s in the flow.
Introduction
The Grand-Lahou estuary, a meeting place between the Bandama River, the Boubo River, the Grand-Lahou lagoon system and the Atlantic Ocean, represents, through its ecological and environmental diversity, an important source of subsistence and a source of income for the local populations whose main economic activity is traditional fishing . The Grand-Lahou estuary is subject to sedimentary phenomena that result in changes in the morphology of the estuary and the migration of the pass from east to west (WOGNIN et al., 2008) and the significant variation in the physicochemical parameters of water bodies (KONAN et al., 2009) . The water depths in the lagoon are generally low, which makes navigation quite difficult. Fishing, which formerly occupied more than 60% of the population's activities, is declining and the population of Grand Lahou is therefore becoming more impoverished (ECOUTIN et al., 1994) . In order to restore vitality to the economy of the Grand-Lahou region, the Ivorian government has built a fishing school in Grand-Lahou with a port of application and boats for practical activities in inland and marine waters. However, the fishing school boats cannot access the sea because the pass remains unseaworthy. To enable vessels to connect the port and the sea, a project is being considered to build a channel linking the port of application of the school of fishing to the sea. To address hydrosedimentary problems such as those occurring in the Grand-Lahou lagoon system, several research projects are developing numerical models that have great advantages in understanding and managing the physical processes related to flow dynamics and sediment transport (UDDIN et al., 2014 ; CHHETRI et al., 2016 ; MARFAI et al., 2016) . To support the construction project for the Grand-Lahou channel, this study aims to model the hydrodynamic functioning of the mouth of the Bandama River and the Grand-Lahou lagoon system. This study is based on the numerical simulation of the currentology and propagation of the wave.
Site and methods

Study site
The Grand-Lahou estuary zone is located at latitudes 4°26 and 5°20 North and between longitudes 4°20 and 5°20 West. The Grand-Lahou lagoon system is mainly influenced by the Atlantic Ocean and the Bandama River (Figure 1 ). The Grand-Lahou lagoon system consists of the Niouzoumou, Tadjo, Mackey and Tagba lagoons. The Tagba lagoon is the only outlet at sea of this lagoon system. Sediment dynamics at the mouth of the Bandama River result in erosion and migration of the pass from east to west. Similarly, there are navigation problems due to the shallows (WOGNIN et al., 2008) .
Methods
Data acquisition
The survey area is located between 04º58'37" and 05º01'17" West longitude and 05º07'04" and 05º09'19" North latitude, representing an area of 5 km 2 of water and 1 km 2 on land. 4 : Revue Paralia -Vol. 12 (2019) were observed for 64 years (4) 
Hydrodynamic modeling
The hydrodynamic model was created using Mike 21 HD software. This solves the partial differential equations governing the problem, namely, the continuity equation and the equations for the conservation of mass and momentum integrated over the vertical . The mesh is composed of unstructured triangular elements, allowing the resolution of the model to be refined in areas of interest.
Forcing conditions and model configuration
The tide in the Atlantic Ocean and the flow of the Bandama River are the main forcing parameters in this hydrodynamic model. The relevant calibration parameters in this study are the friction on the bottom and the flow of the Bandama River. A flow rate of 220 m 3 /s from the Bandama River was used for the calibration period from June 30 to July 1, 2012; the period corresponding to the flow and current velocity measurement campaign. A Manning roughness coefficient of 32 (m 1/3 /s), on average, was used on the whole model except for the entrance to the Tagba lagoon where a Manning coefficient of 10 was imposed because of the presence of mud.
Results
Bathymetry and mesh size
The mesh size has been adjusted according to the morphology of the bottoms and the desired precision. Thus, the mesh size varies from 10 m at the mouth to 1000 m offshore (Figure 3) .
Figure 3. Bathymetry of the mouth of the Bandama River (2010).
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Lahou Kpanda Channel n02.6 : Revue Paralia -Vol. 12 (2019) 3.2 Hydrodynamic model Flow dynamics in Grand-Lahou Lagoon Bay were assessed over a tidal cycle using a Bandama River flow of 220 m 3 /s for model calibration.
The tide in Grand-Lahou is of the semi-diurnal type (12h 25 mn period) with high diurnal inequality. It is of the micro tidal type with a spring tidal range of about 1.4 m and a dead tidal range of about 0.6 m. Two high tides of relatively close levels are observed every day and two low tides of different levels of about 0.4 m are also observed. The average water level off Grand-Lahou is about +0.78 m CM. The average elevation in the lagoon bay is about 10 cm above the average level in the coastal zone. The tidal curves have a generally symmetrical appearance with equal flow and ebb times (Figure 4 ).
Figure 4. Water levels modelled in lagoon bay and off Grand-Lahou.
Under the effect of tides, the variation in water level is accompanied by a change in the direction of water flow. Flow is upstream to downstream during ebb and downstream to upstream during flow periods. Figure 5 shows an example of a result of simulating vertically averaged speeds. Within the lagoon, the strongest currents are located at the mouth, in the pass and on either side of the central islet.
On each radial, a simulation of the instantaneous flows integrated into the section was carried out (Figure 6 ; negative flows represent the flows leaving the lagoon). .8 : Revue Paralia -Vol. 12 (2019) Figure 7 
Discussion
Hydrodynamic phenomena at the mouth of the Bandama River are influenced by the Bandama River, the Boubo River, the Grand-Lahou lagoon system and the Atlantic Ocean. The dynamic of the environment is mainly marked by the Bandama flows and oceanic flows. According to WOGNIN et al. (2008) , the tidal dynamics in the Bandama estuary would create a nodal point, an accumulation zone for suspended particles, whose position varies according to the Bandama's flow. At high flow rates, the turbid plume is expelled at sea, with a tendency to evacuate eastward, due to the orientation of ebb currents in the pass and currents on the continental shelf. In Grand-Lahou, despite the migration of the mouth of the Bandama River due to hydro-sedimentary movements and coastal drift, the mouth remains open unlike the mouth of the Comoé River as reported by ADOPO et al. (2008) . This may be due to the fact that the Bandama's flows are relatively sufficient to enter the Atlantic Ocean during ebb and flow periods and especially during the river's floods. The study of sediment transport, with a good database, will provide a better understanding of the functioning of the Grand-Lahou estuary, which is undergoing westward migration according to WOGNIN (2008) . Indeed, studies, and in particular hydrodynamic models and sediment transport models, make it possible to understand the hydrosedimentary functioning of hydrosystems and to guarantee the success of projects and the protection of the environment (AL-RABAI 'AH, 2010; UDDIN et al, 2014; KANG & YEO, 2015; CHHETRI et al., 2016) .
Conclusion
The hydrodynamic model carried out at the mouth of the Bandama River shows that, within the lagoon, the strongest currents are located at the mouth, in the pass and on either side of the central islet. Flood and ebb currents are also intense in the Tagba lagoon channel, through which the largest volumes of water flow. The western sector (towards the Nyouzoumou lagoon) is less influenced by the Bandama tide and flows; flows remain low due to the presence of a small canal that reduces traffic in this sector.
